ABSTRACT
INTRODUCTION
The effect of different pushing techniques in the active second stage of labor and the role of coached maternal pushing have been the subject of many studies in recent years [1] [2] [3] [4] [5] [6] [7] [8] [9] . At present, there is no evidence to support one specific method over others, and the decision as to which method to adopt depends on the preferences of the caregiver and patient 5 . Sonography is used increasingly in the labor ward and allows clear visualization of the progress of the fetal head in the active phase of the second stage of labor [10] [11] [12] . Visual biofeedback is a self-regulation technique through which patients can learn to control voluntarily some bodily functions, and ultrasound-guided biofeedback is used widely in medicine, mostly in orthopedics and pediatrics 13, 14 . A recent study suggested that visualization of the progress of the fetal head on real-time ultrasound (Videoclip S1) may improve the effectiveness of maternal pushing efforts 15 .
To further test this hypothesis, we performed a prospective randomized controlled trial to assess the value of sonographic visual biofeedback in improving coached pushing during the active second stage of labor in nulliparous women.
METHODS
This was a randomized controlled trial of nulliparous women with an uncomplicated singleton pregnancy at term (37-42 weeks) admitted to the labor ward of Sant'Orsola-Malpighi University Hospital in Bologna, Italy; the study was approved by the local ethics committee (number: 142/2016/U/Sper). Information on the study was provided to all participants and written informed consent was obtained prior to enrolment. We identified no precedent study in the published literature, thus we decided to test the feasibility of sonographic coached pushing in a pilot trial with an arbitrarily chosen sample size of 40 patients, allocated equally to the two groups.
Patients were recruited consecutively at the time of admission to the labor ward when one of two obstetricians (F.B., G.P.) was on duty. Patients with a limited understanding of the Italian language, maternal age < 18 years, and/or cephalic malpresentation or malposition confirmed sonographically at the beginning of the second stage were excluded 12, 16 . Only women who started the active phase of the second stage when the fetal head was at least 1 cm below the ischial spines were enrolled, because there is evidence to indicate that the duration of the active second stage of labor may be longer if the fetal head is at a high position when pushing efforts begin 12, [17] [18] [19] . Each investigator was assigned 20 patients who were allocated randomly into one of two groups using a computer-generated table (GraphPad Prism, GraphPad, San Diego, CA, USA). In all cases, transperineal ultrasound was performed using a Voluson P8 ultrasound system (GE Medical Systems, Zipf, Austria) 20 . All patients were examined at the beginning of the active second stage, after emptying their urinary bladder. In the first group, the women were shown the progress of the fetal head in a sagittal view of the pelvis on real-time transperineal ultrasound (sonographic coaching), while in the second group the patients were blinded to the screen of the ultrasound system. Following current practice in our hospital, continuous electronic fetal monitoring was used, with the patient in a semirecumbent or recumbent position, and a midwife instructed the woman to perform Valsalva pushing, with closed glottis, and to breathe between contractions. The investigator who performed the ultrasound examinations also instructed and coached the pushing efforts in both groups for 20 min from the beginning of the active second stage and was responsible for the management of the patients. Afterwards, labor was supervised by a midwife according to standard care procedures in our hospital. We chose to limit the duration of sonographic coaching to 20 min because we believe that in a busy labor ward it is unrealistic to perform sonography on laboring patients for the entire duration of the second stage. On the basis of our experience, we judged that an intervention of 20 min would be sufficient to instruct effectively most patients.
No predefined upper limit of the second stage was used to indicate the need for operative delivery. The angle of progression (AoP) was measured as described previously at the beginning of the active second stage and after 20 min of coaching 20 . Primary outcome measures were duration of the active second stage of labor and increase in the AoP at the end of the coaching process, as they both reflect the effectiveness of maternal pushing efforts. Secondary outcomes included incidence of operative delivery, perineal tears and markers of neonatal asphyxia. Patients were asked to indicate if at any point the ultrasound examination made them uncomfortable.
We minimized technique variability by rigorous investigator training and observation by the principal investigator. The women were instructed to squeeze their pelvic floor muscles 9 , and subjective assessment of pelvic floor muscle contractility was performed by the examiner inserting their index finger approximately 4 cm into the vagina.
Continuous and categorical variables were compared between the two groups using the Mann-Whitney U-test or Kaplan-Meier estimator and the chi-square or Fisher's exact test, respectively. Analysis was performed using the statistical software package SPSS 19.0 (SPSS Inc., Chicago, IL, USA), and P < 0.05 was considered to indicate statistical significance.
RESULTS
Demographic and clinical characteristics of the 40 patients included in the trial are presented in Table 1 . There were no differences in demographic parameters between the two groups.
Neonatal characteristics are listed in Table 2 . Patients in the sonographic coaching group had a shorter active phase of the second stage (30 min (interquartile range (IQR), 24-42 min) vs 45 min (IQR, 39-55 min); P = 0.01) and a greater increase in AoP in the first 20 min of coaching (change in AoP, 13.5
• (IQR, 9-20
• ); P = 0.01) than did those who received traditional coaching (Table 3 , Figures 1 and 2) . No other differences were observed between the two groups with respect to pregnancy and neonatal outcomes (Tables 2 and 3 ). None of the patients complained of inconvenience during intrapartum sonography, and several patients in the sonographic coaching group made favorable comments, remarking that they found virtual biofeedback beneficial.
DISCUSSION

Principal findings
In this study, we found that sonographically coached pushing improved fetal head progression in the birth canal in a population of low-risk singleton pregnant women at term, reducing by 33% the duration of the active phase of the second stage of labor. AoP, which correlates directly with a favorable outcome of labor, was also increased significantly after the first 20 min of sonographically coached pushing efforts. In a similar study by Gilboa et al. 15 , sonographic coaching increased pushing efficacy, but did not shorten the second stage of labor compared with that of controls. The reason for this discrepancy is not clear, but it could be attributed to methodological differences between the studies, the main difference being the duration of coaching of the patients; in our study this was 20 min, while, in the study of Gilboa et al. 15 , the average duration of the coaching process was 5 min. This could suggest that the duration of visual biofeedback may be a critical factor in the effectiveness of this method.
Strengths and limitations of the study
The main strength of our paper is that this is the first randomized clinical trial assessing the effectiveness of visual feedback using sonography to improve maternal coached pushing during the second stage of labor. However, we acknowledge several limitations. First, the sample size was small. Second, the researchers were aware of group allocation and, theoretically, could have influenced the patients, favoring a shorter duration of labor in the sonographically coached group; however, the open design of the study was unavoidable. Every possible effort was made to coach the patients similarly in both groups; however, the effects of performance and ascertainment bias on the observed shortening of the second stage cannot be excluded. This was a preliminary study and larger trials are required to confirm our results.
Clinical implications
According to this preliminary trial, the progress of the fetal head is faster and the duration of the active second stage of labor is shorter when real-time sonography is used to demonstrate fetal head progression to the mother. There were, however, no other measurable differences between the two groups. In particular, the incidence of operative delivery and fetal and maternal complications was similar between women who had visual biofeedback and those who did not. The clinical significance of our results is therefore uncertain, and further research is needed. A delayed second stage is notoriously associated with an increased risk of maternal and fetal complications, including operative delivery and fetal distress; however, this does not necessarily imply that shortening of this period would be beneficial. We are now planning a larger randomized clinical trial to confirm the results of our pilot study, to evaluate the impact of visual biofeedback using ultrasound on the incidence of operative delivery and to better assess patients' compliance with this method.
Conclusions
Visual feedback using intrapartum sonography may facilitate coached pushing in the active second stage of labor. Further studies are needed to confirm this finding and better evaluate the real advantages of the method. Comparison of our findings with those of a similar study 15 suggests that the duration of visual biofeedback may be an important variable in the effectiveness of the method, and this should be considered in planning future investigations.
